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The  effect  of  antecedent  water  content  of  the  soil 
upon  storm  runoff  is  well  recognized  by  hydrologists 
(6^  10).3  Factors  that  affect  antecedent  soil  water  have 
also  been  thoroughly  discussed  and  their  individual 
and  collective  effects  measured  and  estimated  (4,  _8_, 
12,13). 

A  common  procedure  for  determining  antecedent 
soil  water  involves  budgeting  the  inputs  and  outputs  of 
water  by  measuring  precipitation  and  estimating  evapo- 
transpiration  (11). 

In  most  cases  rain-gage  catch  provides  satisfactory 
data  on  input  to  the  soil  water  system.  Evapotranspi- 
ration,  the  movement  of  water  from  the  soil  to  the 
atmosphere,  is  the  major  loss  from  the  soil  water 
system  (7)  and  is  influenced  by  factors  such  as 
temperature,  windspeed,  humidity,  cloud  cover,  radia- 
tion, stage  of  crop  growth,  land  slope,  aspect,  and. 
water  availability.  The  mass  of  literature  on  this  subject 
emphasizes  its  complexity. 

Avoiding  the  complex  contribution  of  these 
factors  to  evapotranspiration,  we  have  developed  a 
budgeting  method  of  estimating  daily  water  depletion 
from  the  plow  layer  that  requires  only  a  measurement 
or  estimate  of  soil  water  content  at  the  beginning  of 
the  growing  season  and  measurement  of  rainfall 
amounts  as  they  occur.  A  similar  depletion  schedule, 
based  on  daily  soil  water  measurements  in  the  surface 
foot,  was  used  by  Carlson,  Reinhart,  and  Horton  (2). 
The  method  presented  herein  differs  from  the  earlier 
method  as  follows:  (1)  daily  measurements  are  not 
needed  to  develop  a  depletion  schedule,  (2)  input  to 
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budget  system  is  simplified,  and  (3)  a  single  depletion 
schedule  applies  to  several  soil  types  and  cover 
conditions. 

This  report  presents  a  method  of  budgeting  soil 
water  in  only  the  0-  to  7-inch  soil  layer  under  meadow. 
Additional  studies  are  underway  to  develop  predictive 
techniques  for  deeper  layers.  However,  for  soil  condi- 
tions of  the  Coshocton  Research  Station  and  its 
representative  area,  Harrold  (5)  showed  that  the 
antecedent  water  content  of  the  topsoil  correlated  well 
with  storm  rainfall  retention  and  runoff  for  a  number 
of  the  largest  flood  events  in  27  years.  Therefore, 
estimation  of  soil  water  content  in  the  topsoil  is 
hydrologically  important. 

Researchers  in  other  areas  who  have  access  to  only 
rainfall  and  soil  water  data  may  develop  similar 
depletion  schedules  applicable  for  their  respective  soil 
and  climatic  conditions. 

Constructing  the  Depletion  Curve.  -Soil  water 
content  measurements  for  more  than  27  years  at  the 
Coshocton  station  supplied  basic  data  for  this  study. 
Values  for  the  0-  to  7-inch  plow  layer  of  Keene  and 
Muskingum  silt  loams  under  grass-legume  cover  were 
used.  Methods  for  determining  soil  water  content  were 
as  follows:  193746,  gravimetric;  1947-49,  Bouyoucos 
gypsum  blocks  (1);  1950-67,  Coshocton  fiberglass 
gypsum  blocks  (13). 

Keene  silt  loam  is  a  grayish-brown,  moderately 
well-drained,  strongly  acid  soil  formed  in  acid  clay 
shales  on  gentle  to  strongly  sloping  areas  in  eastern 
Ohio.  The  Muskingum  soils  are  better  drained  and 
often  less  acid;  they  are  formed  in  residuum  from 
siltstone,  shale,  or  sandstone  on  moderate  to  steep 
slopes.  Both  soils  developed  under  a  hardwood  vegeta- 
tion, have  moderate  organic  matter  contents,  and  tend 
to  erode  under  tillage  unless  controlled.  The  common 
crop  rotation  is  4  years— corn,  wheat,  and  2  years  of 
meadow. 


The  similarity  of  the  plow  layers  of  these  two  soils 
and  a  more  detailed  description  of  the  profiles  are 
shown  by  Dreibelbis  and  Bender  (3). 

A  standard  soil  water  depletion  curve  for  the  0-  to 
7-inch  depth  in  meadow  was  developed  as  follows: 
Consecutive  water  content  measurements  taken  during 
rainless  periods  of  the  growing  season,  May  through 
September,  were  plotted  by  date  and  soil  type  (389 
values  from  1937  through  1963).  The  depletion  lines 
connecting  consecutive  points  had  similar  slopes  at 
corresponding  water  contents,  regardless  of  soil  type  or 
date.  Therefore,  the  straight  line  segments  were 
combined  by  horizontal  translocation  to  form  a  single 
master  depletion  curve  (fig.  1)  that  indicates  the  rate  of 
water  depletign  from  the  plow  layer  of  both  soil  types 
for  the  entire  growing  season. 

In   constructing  the  curve  we  assumed  that  at 


saturation  the  0-  to  7-inch  layer  would  hold  3.50 
inches  of  water  (3).  The  data  indicate  that  only  rarely 
does  the  topsoil  dry  out  to  less  than  the  0.63  inch  (9 
percent  by  volume)  held  at  the  wilting  point.  Although 
the  soil  can  be  drier  under  extreme  drought  conditions, 
the  depletion  curve  was  assumed  to  be  flat  at  that 
point. 

The  master  depletion  curve  was  expressed  in 
tabular  form  for  ease  in  application  (table  1). 

Using  the  Depletion  Curve. -The  budgeting  pro- 
cedure for  estimating  daily  soil  water  content  using  the 
depletion  table  is  as  follows: 

1 .  Obtain  a  starting  point  in  table  1  (D  day)  by 
measuring  the  soil  water  content  early  in  May.  In  the 
absence  of  a  measured  value,  this  point  can  be 
estimated  by  assuming  field  capacity  (2.16  inches)  2 


Table  1. -Water  depletion  for  the  0-  to  7-inch  soil  depth,  meadow1 


Days 

Soil  water  content 

-  Inches  — 

0 

3.50 

3.20 

3.10 

3.00 

2.91 

2.82 

2.75 

2.70 

2.65 

2.60 

2.56 

2.52 

1 

2.48 

2.44 

2.40 

2.37 

2.34 

2.31 

2.28 

2.26 

2.24 

2.22 

2.20 

2.18 

2 

2.16 

2.14 

2.12 

2.10 

2.08 

2.07 

2.06 

2.04 

2.02 

2.00 

1.99 

1.98 

3 

1.97 

1.95 

1.93 

1.92 

1.91 

1.90 

1.89 

1.88 

1.87 

1.86 

1.85 

1.84 

4 

1.83 

1.81 

1.80 

1.79 

1.77 

1.76 

1.75 

1.74 

1.73 

1.72 

1.71 

1.70 

5 

1.68 

1.67 

1.65 

1.64 

1.62 

1.61 

1.59 

1.58 

1.57 

1.56 

1.55 

1.54 

6 

1.53 

1.51 

1.50 

1.49 

1.47 

1.46 

1.45 

1.44 

1.43 

1.42 

1.42 

1.40 

7 

1.38 

1.37 

1.36 

1.35 

1.34 

1.33 

1.32 

1.31 

1.30 

1.29 

1.28 

1.27 

8 

1.26 

1.25 

1.24 

1.23 

1.22 

1.21 

1.20 

1.19 

1.18 

1.17 

1.16 

1.15 

9 

1.14 

1.13 

1.12 

1.11 

1.10 

1.09 

1.08 

1.07 

1.06 

1.06 

1.05 

1.05 

10 

1.04 

1.03 

1.03 

1.02 

1.02 

1.01 

1.00 

.99 

.99 

.98 

.97 

.96 

11 

.96 

.95 

.95 

.94 

.94 

.93 

.93 

.92 

.92 

.91 

.91 

.90 

12 

.89 

.89 

.88 

.88 

.87 

.86 

.86 

.85 

.85 

.84 

.83 

.83 

13 

.82 

.82 

.81 

.81 

.80 

.80 

.80 

.79 

.79 

.78 

.78 

.78 

14 

.77 

.77 

.76 

.76 

.76 

.75 

.75 

.74 

.74 

.73 

.73 

.72 

15 

.72 

.72 

.71 

.71 

.70 

.70 

.70 

.69 

.69 

.69 

.68 

.68 

16 

.67 

.67 

.67 

.67 

.66 

.66 

.66 

.66 

.65 

.65 

.65 

.64 

17 

.64 

.64 

.64 

.64 

.64 

.63 

.63 

.63 

.63 

.63 

.63 

.63 

18 

.63 

.63 

.63 

.63 

.63 

.63 

.63 

.63 

.63 

.63 

.63 

.63 

It  was  assumed  that  at  saturation  the  top  7  inches  of  soil  will  hold  3.50  inches  of  water  and  that  0, 
Value  to  right  of  any  given  value  is  the  soil  water  content  1  hour  later;  value  directly  below  is  content  1 
6  p.m.  to  7  a.m.  is  equivalent  to  1  hour  during  daytime. 


63  inch  is  the  wilting  point, 
day  later.  Depletion  from 
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days  after  a  saturating  rain  or  by  assuming  wilting 
point  (0.63  inch)  after  18  consecutive  rainless  days. 

2.  Water  content  on  D+l  day  is  the  value  im- 
mediately below  that  for  D  day.  For  example,  if  the 
value  on  D  day  were  1.80  inches,  it  would  be  1.65 
inches  on  D+l.  Continue  this  procedure  for  the  period 
of  rainless  days. 

If  further  refinement  is  needed,  hourly  daytime  (7 
a.m.  to  6  p.m.)  depletion  is  accounted  for  by  values  to 
the  right,  horizontally  adjacent  values  representing  the 
water  content  one  hour  later.  When  hourly  depletions 
are  considered,  total  water  loss  at  night  (between  6 
p.m.  and  7  a.m.  the  following  day)  is  considered 
equivalent  to  one  hour  of  daytime  depletion.  For 
example,  if  the  water  content  at  5  p.m.  on  D  day  were 
1.80  inches,  at  6  p.m.  it  would  be  1 .79  inches  and  at  7 
a.m.  on  D+l  day,  1.77  inches  (table  1). 

3.  A  rainfall  of  0.10  inch  or  greater  is  added  to 
the  soil  water  of  the  previous  day  and  no  depletion  is 
taken  during  the  rainy  period.  For  example,  if  the 
value  on  D  day  were  1.80  inches  and  rain  on  D+l  were 
0.72  inch,  the  soil  water  level  on  that  day  would 
be  2.52  inches,  and  on  D+2,  it  would  be  2.18  inches 
(table  1). 

4.  Rains  of  less  than  0.10  inch  are  regarded  as 
having  no  effect  on  soil  water  content.  Previous  work 
has  shown  that  rains  of  this  size  are  intercepted  by  the 
meadow  canopy  and  lost  rapidly  by  evaporation. 

5.  Water  content  cannot  exceed  saturation— 
approximately  3.50  inches  for  topsoil  at  this  research 
station.  Any  amount  greater  than  this  is  attributed  to 
runoff  or  rapid  drainage  (percolation). 

Testing  the  Depletion  Curve.-  7igures  2,  3,  and  4 
show  measured  and  estimated  (solid  lines)  soil  water 
values  in  three  areas  during  several  growing  seasons. 
None  of  these  measured  data  were  used  in  constructing 
the  master  depletion  curve. 

Watershed  102  is  a  permanent  grass-legume  pasture 
on  Muskingum  silt  loam  over  sandstone.  Watershed  109 
is  Muskingum  silt  loam  over  shale  in  a  corn,  wheat, 
meadow,  meadow  rotation.  Watershed  123  is  parallel 
to  109  in  rotation,  but  the  soil  is  Keene  silt  loam. 
Watersheds  123  and  109  were  in  second-year  meadow 
in  1964  (fig.  2)  and  first-year  meadow  in  1967  (fig.  3). 

Watershed  151  (fig.  4)  is  a  mixture  of  Keene  and 
Muskingum  soils  and  is  in  permanent  meadow,  not 
pastured. 

Estimation  of  soil  water  content  shown  in  figures 
2,  3,  and  4  started  in  the  spring  from  a  measured  water 
content,  as  described  in  step  1,  p.  2,  and  the  solid  line 
was  determined  on  a  day-by-day  basis,  depending  upon 
measured  precipitation  and  the  depletion  (table  1). 
Field  measurements  were  not  made  on  a  regular  basis 


and  scheduling  was  often  influenced  by  demands  of 
other  hydrologic  studies.  For  example,  watershed  151 
was  monitored  more  frequently  while  an  interflow 
study  was  being  conducted  on  that  area. 

Estimated  and  measured  values  during  the  first  2 
weeks  of  August  1967  (fig.  3)  are  worth  noting.  In 
watershed  102  (the  permanent  pasture)  measured  and 
estimated  values  agree  on  August  4.  In  the  other  two 
watersheds,  the  second  cutting  of  hay  was  made  on 
August  4  (watershed  123)  and  August  7  (watershed 
109).  In  both  watersheds  the  mowed  hay  lay  on  the 
ground  4  days  before  being  baled  and  removed.  The 
effect  on  evapotranspiration  of  mowing  hay  (7, 9)  and 
the  added  effect  of  the  hay  mulch  in  reducing 
evapotranspiration  are  indicated  by  the  underesti- 
mation of  soil  moisture  on  August  10.  Had  the  hay  not 
been  cut,  or  had  it  been  removed  sooner,  evapotrans- 
piration would  have  been  greater,  and  closer  agreement 
between  measured  and  predicted  values  Would  have 
resulted. 

The  correlation  between  measured  and  estimated 
values  in  figures  2,  3,  and  4  is  shown  in  figure  5.  The 
beginning  point  for  each  watershed  year,  when  the 
estimated  value  is  defined  by  a  measured  one,  is  not 
included  in  figure  5  or  in  the  analysis. 

The  standard  error  of  estimate  is  0.20  inch. 

Regression  of  measured  upon  estimated  soil  water 
was  calculated  as: 

Y  =-0.07  + 1.02  X 

This  regression  was  not  significantly  different  from  the 
1:1  line  of  figure  5.  However,  in  interpreting  this 
relation  in  figure  5  one  must  remember  that  the  master 
depletion  curve  (fig.  1)  was  developed  from  27  years  of 
soil  water  records,  whereas  these  test  data  represent 
only  four  growing  seasons.  The  master  curve  represents 
average  growing  season  weather,  and  any  given  year 
may  have  a  weather  pattern  that  deviates  from  the 
average  enough  to  account  for  a  regression  slope 
different  from  1.0  and  an  intercept  different  from  0. 
For  example,  the  master  depletion  schedule  may  fit  a 
growing  season  that  has  normal  rainfall  each  month 
better  than  one  that  contains  dry  and  wet  months. 

The  depletion  rate  can  be  expressed  as  a  function 
of  water  content  by  evaluating  the  slope  of  the  master 
depletion  curve  at  different  values.  Or,  the  difference 
between  adjacent  values  on  the  same  line  of  table  1 
gives  the  depletion  rate  in  inches  per  hour  when  the 
water  content  in  the  soil  is  the  average  of  the  two 
values.  For  more  refined  use,  such  as  fitting  instanta- 
neous depletion  rates  to  measured  environmental 
factors,     the     first     derivative     of    a     mathematical 
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Figure  2. -Estimated  and  measured  water  content  of  the  0-  to  7-inch  soil  depth  in  watersheds  102  (permanent  grass-legume  pasture 
on  Muskingum  silt  loam  over  sandstone),  109  (second-year  meadow  on  Muskingum  silt  loam  over  shale),  and  123  (second-year 
meadow  on  Keene  silt  loam)  in  1964. 
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Figure  3. -Estimated  and  measured  water  content  of  the  0-  to  7-inch  soil  depth  in  watersheds  102  (permanent  grass-legume  pasture 
on  Muskingum  silt  loam  over  sandstone),  109  (first-year  meadow  on  Muskingum  silt  loam  over  shale),  and  123  (first-year 
meadow  on  Keene  silt  loam)  in  1967. 
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Figure  4. -Estimated  and  measured  water  content  of  the  0-  to  7-inch  soil  depth  in  watershed  151  (permanent  meadow  on  a  mixture 
of  Keene  and  Muskingum  soils)  in  1962-64. 
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Figure  5. -Comparison  of  measured  and  estimated  water  content  of  the  0-  to  7-inch  soil  depth. 


10 


expression  of  the  curve  will  provide  depletion  rates  for 
any  value  of  soil  water.  Such  methods  are  practical 
when  estimates  of  plow  layer  water  content  are  needed 
at  frequent  intervals. 

However,  the  depletion  schedule  and  the 
budgeting  method  were  developed  to  enable  day-by- 
day  estimations  of  water  content  without  intensive, 
precise  measurements.  Diurnal  fluctuations  in  evapora- 
tive demand  have  been  simulated  by  a  daytime- 
nighttime  step  function  (explained  in  step  2,  p.  4), 
which  does  not  depict  the  gradual  transition  that  must 
occur.  Therefore,  precise  estimates  of  short-time 
changes  cannot  be  expected. 

The  method  is  specific  for  the  0-  to  7-inch  depth 
(plow  layer)  under  meadow  vegetation.  Where  the  plow 
layer  is  important  in  storm  rainfall  retention  as  it  is 
here-evaluation  of  its  water  content  is  very  useful. 
Using  this  method,  antecedent  conditions  for  storms  in 
previous  years  have  been  successfully  estimated  from  a 
single  soil  water  measurement  taken  days  or  weeks 
before  the  event.  This  method  of  budgeting  enables 
estimation  of  much -needed  antecedent  soil  water 
conditions  at  locations  where  costly  environmental 
sensing  equipment  is  not  available. 
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